Introduction
In the Standard Model (SM) CP violation (CPV) in the charm sector is restricted to Cabibbo-suppressed decays and is predicted to be very small. Due to the smallness of the SM expectations, CPV in charm has been seen as a portal to new physics (NP). Indeed, until recently it was often assumed that the observation of CP asymmetries in D meson decays at the O(10 −2 ) level would be an indication of new sources of CPV. SM predictions, however, suffer from the large uncertainty on the magnitude of penguin amplitudes. According to recent estimates, it is conceivable that CP asymmetries at this level could be accommodated within the SM [1, 2, 3] .
From the experimental side, the sensitivity of CPV searches has increased dramatically in the past few years, especially with the advent of the large LHCb data sets. CP asymmetries at the O(10 −2 ) level in D meson decays seem now to be excluded. With errors reaching the level of a few per mille, the current CPV searches probe a regime where CP asymmetries would be consistent with the SM expectations. The interpretation of an eventual observation of CP asymmetries in charm would not be straightforward.
This note collects recent LHCb results on CPV searches, all based on the full 2011 data set (1.0 fb −1 at √ s = 7 TeV). An update of the measurement of the difference in time-integrated CP asymmetry between
, is presented, along with results from an independent measurement of the same observable using D 0 from semileptonic b-hadron decays. Results from CPV searches using charged D mesons are also reviewed.
2 Update on ∆A CP from prompt D * +
Analysis strategy and sample selection
As in the previous measurement [4] , the flavor of the initial state is determined by the charge of the soft pion (π 
where f is a CP eigenstate,
One can express A CP (f ; t) as a sum of two terms: a direct, time-independent component, associated with CPV in the decay amplitudes and dependent on the final state; and an indirect, time-dependent component, universal to a good approximation, associated with CPV in mixing or in the interference between mixing and decay. The time-integrated asymmetry A CP (f ) may be written to first order as
where t is the average decay time in the reconstructed sample and τ is the average D 0 lifetime. The difference between CP asymmetries for the
In this analysis we measure ∆ t /τ = [11.19±0.13±0.17]%. Indirect CP violation is a small contribution to ∆A CP .
The raw asymmetry for tagged D 0 decays to a final state f is
where N is the number of reconstructed events after background subtraction. The raw charge asymmetry has a component due to detector, A D , and production, A P , effects. If these effects are small, the raw asymmetry is, to first order,
Since the two modes are self-conjugate final states, there is no detection asymmetry:
and A P (D * + ) are independent of the final state. These terms cancel, to first order, in the difference
The following presents a terse summary of the sample selection, which is fully described in Ref. [5] . The sample is selected imposing requirements on the kinematic properties and on the decay time of the D 0 candidate. The D 0 decay products are required to form a displaced vertex with good fit quality, pointing back to the primary vertex. It is also required that the D 0 daughter tracks have good fit quality, transverse momentum above a minimum value and momentum directions that do not point to the primary vertex. The RICH system is used to distinguish between kaon and pions. Fiducial requirements are imposed to exclude kinematic regions with large charge asymmetry in the soft pion detection efficiency. The candidates must pass the specific high level software trigger. The D * + yields are 2.24 × 10 6 for D 0 → K − K + decays, and 0.69 × 10
Differences from previous analysis
There are some changes to the reconstruction and analysis procedure with respect to the previous measurement:
• full 2011 data set (1.0 fb −1 at 7 TeV);
• improved reconstruction, with a more accurate alignment and calibration;
• weighting procedure to account for small remaining differences in the kinematics of the
• better mass resolutions due to a constrained fit that forces the soft pion to come from the primary vertex.
Fit model and results
For each D 0 final state the data are divided into four disjoint samples according to magnet polarity and hardware trigger decision. The raw asymmetry is determined, for each final state, by a simultaneous fit of the δm ≡ m( For each subsample -magnet polarity and hardware trigger category -∆A CP is computed. The combined value is computed as a weighted average across the subsamples. Systematic uncertainties are assigned by loosening the fiducial requirement on the soft pion; by estimating the impact of a potential background from misreconstructed D * + ; by evaluating the asymmetry using sideband subtraction instead of a fit; by comparing with the result obtained with no kinematic weighting; and by excluding events in which the soft pion has a large impact parameter with respect to the primary vertex. The latter is the dominant source of systematic uncertainty.
The final result is ∆A CP = (−0.34 ± 0.15(stat.) ± 0.10(syst.))% (7) 
Candidates are divided into four independent sub-samples according to magnet polarity and hardware trigger decision. The normalized residuals are shown below the fits. The fit procedure is described in the text.
Analysis strategy
An independent measurement of ∆A CP was performed using
. The initial flavor of the D 0 is tagged by the charge of the muon: a positive muon is associated with a D 0 , and a negative muon with a D 0 meson. The X denotes any other particle(s) that are not reconstructed. The raw charge asymmetry is written in terms of the D 0 decay rate Γ, the muon detection efficiency ε, and the D 0 production rate in semileptonic b-hadron decays, P,
The raw asymmetry can be written to first order as 
s with normalized residuals. Candidates are divided into four independent sub-samples according to magnet polarity and hardware trigger decision. The fit procedure is described in the text.
with the definitions
As in the analysis with prompt D * + , the difference between the raw asymmetries measured in D 0 → π − π + and D 0 → K − K + decays cancels the detection and production asymmetries,
The cancellation requires the kinematic distributions of the muon and the b−hadron to be the same for both D 0 final states. This is ensured by a weighting procedure which equalises the kinematic distributions. 
Data set and selection
As for the prompt D * + sample, candidates are required to be accepted by a specific trigger decision. In the hardware stage about 87% of candidates in the final selection are accepted by the hardware trigger based only in the muon system, 3% are accepted by the hadronic calorimeter only, and the remaining 10% by both systems. 
Determination of the asymmetries
The raw asymmetries are determined with simultaneous fits to the D 0 mass distributions for positive and negative muon tags. A weighting procedure is used in order to eliminate small differences in kinematic distributions between the two final states, that are result of the particle identification, the phase space differences and the correlation between the muons and the D 0 . The event weighting improves the cancellation in eq. 10.
In some cases the D 0 flavor is not correctly tagged by the muon charge. The mistag probability is estimated using the D 0 → K − π + decay. The wrongly tagged decays include a small fraction of the doubly-Cabibbo-suppressed decay Systematic uncertainties are due to:
• possible difference in the relative contribution from B 0 and B + decays between the
• difference in B decay time acceptance for the two D 0 modes;
• differences in mistag rate for the two D 0 modes;
• the D 0 fit model;
The small lifetime background in D 0 → π + π − is the dominant source of systematic uncertainty. Many cross checks have been performed to verify the stability of the result, including the use of fiducial cuts on the muon, a comparison between different trigger decisions and different particle identification requirements. The stability of the raw asymmetries is also investigated as a function of quantities such as the D 
suggests a significant contribution from penguin amplitudes.
An investigation of CPV in the φπ + region of the Dalitz plot of the D + → K − K + π + decay -hereafter referred to as D + → φπ + -is performed using the full 2011 LHCb data set (1.0 fb −1 ). The φπ + region is defined by 1.00
+ is used as a control channel (CPV in this channel is possible via interference between Cabibbo-favoured and doubly Cabibbo-suppressed amplitudes, but it is assumed to be negligible).
The CP asymmetry in the D + → φπ + decay is, to first order, given by
where
is the correction for CPV in the neutral kaon system and A raw is defined as
A concurrent measurement of CP asymmetry is performed with the D 
In both measurements it is assumed that asymmetries induced by the production and detection of the D + and the D − cancel in the difference between signal and control channel raw asymmetries.
Finally, a third measurement is performed. It is possible that a constant CPviolating asymmetry is modulated by the rapidly varying strong phase across the φπ + region. In this case there could be a cancellation of the asymmetry when different parts of the φπ + region are added to compute A CP . The φπ + region is divided into four rectangular regions, A-D, shown in Fig. 4 . A complementary observable is defined as
This observable is robust against systematic biases from the detector and is not affected by the D + production asymmetry. 
Data set and selection
The D 
Determination of yields and asymmetries
For the measurement of A CP , the data was divided into 12 bins of D transverse momentum p T and pseudorapidity η. The signal yields and the corresponding A CP are measured in each bin. A weighted average over the bins is performed to obtain the final result. This procedure is adopted to reduce biases due to small differences in kinematics of the 
In each bin the data is further divided into four sets, according to the charge of the D and magnet polarity. The yields are determined by simultaneous fits over the four sub-samples. The overall yields are shown in Table 1 .
The main systematic uncertainties in A CP result from differences in the kinematics of φπ + and K 0 s π + final states, causing imperfect cancellation of detector induced asymmetries, and from the response of the hardware trigger, which is known to be charge asymmetric. Systematic effects from binning, fit model, kaon detection asymmetry, D mesons from B decays, and from kaon CP violation are also considered.
The results are 
